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- This program is directed toward development of an I/J band , lin-

ear fo rmat , injected-beam crossed-field ampl i fier (IBCFA) for elec-
tronic warfare . The IBCFA should be capable of power output of 1000W
peak , 200W average , between 8. 5 and 17 GHz with 20 dB gain. A laser-
cut shaped—substrate meander line is to be used. E/F band IBCFA ’s
are to be built and evaluated for electronic warfare appl i cations:- ----
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3 kW peak pulse power and 1 kW average power output , 20 dB gain ,
2-4 GHz; and for phased-array radar , 2 kW peak pulse power output
at 10-15% duty , 25 dB gain , 3.0-3.6 GHz. Objective specifications
for I/J-band devices are 1 kW peak pulse power and 200W average
power output, 20 dB gain , 8.5-17 GHz.

A previously built [IF-band CFA with laser-cut substrate was
tested to determine its performance with respect to the phased array
requirements. It was concluded that additional circuit length
is required for increased gain. In addition , it will be desirable
to add attenuation in the small-signal part of the tube to improve
stability in the electronic warfare mode. .

A first round of l/J-band large-signal ca1culation ~,was per-
formed . It was concluded tha t a circuit pitch of 0.014 is desirable ,
and that cathode-to-ground vol tage should be about 6500 V .~11An initial
d~”~i gn for an I/J-band operating CFA has been completed , ba~ed on the
resul ts of these calculations .

Additional cold-test models have been designed. They will be
actua l size , i nclud ing length , and w i ll be des i gned to i ncorporate
an input/output matching configuration similar to the operating
CFA design. Attenuation is of particular concern .

The existing crossed-field beam tester is to be modified to
test electron guns for the I/J-band CFA. Parts for the necessary
changes are being desi gned.

A coaxial window designed for an X-band CFA has been tested
for ma tchin g up to 18 GHz , and match ing was good up to 14 GI-lz .
This window is to be scaled to produce a good match up to 18 GHz.
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SECT ION 1

INTRODUCTION

The effort in this program is directed toward the development of a

high-power broad-band low-cost I/J-band linear format crossed-field

amplifi er (CFA) for electronic warfare. A laser-cut shaped-substrate

meander line circuit is used. In addition , ElF—band CFA ’s of similar

construction are to be built which can be applied either to electronic

warfare or phased-array radar.

The laser-cut shaped-substrate meander circuit , a concept originat -

ed by ERADCOM personnel , is potentially a major cost saving measure , re-

placing a set of 80 or more individua l insulators with a single part.

Furthermore , the individual insulators for 1/J-band would be so small

as to be impractical .

The objective specifications for the F/F-band operating model for

electronic warfare are as follows :

Frequency 2-4 GHz
Peak Power Output 3 kW
Average Power Output 1 kW
Efficiency 35%
Gain 20 dB
Cathode Voltage 7 kV
RF Input Impedance 50 ohms .

The phased-array objectives are as follows :

Frequency Range 3.0-3.6 GHz
Peak Power Output 2 kW —

Duty 10 - 15%
Pulse duration capability 100 psec
with grid pulsing

Grid cutoff vol tage 1 kV max
Efficiency ( m d .  heater) 30% mm
Gain 23 dB miii
Line-to-sole vol tage 10 kV max
In-Band power variation + 0.5 dB
Input/output connectors Coaxial
Production cost objective $1 ,000 max

- - -  

~~1 
-



T he per - f  a rma n~ I
i at i i e~ t i ~ a’ I a -  I — hand a as fo i l  ow’

I reguen~ ~ ~~~~ - 5 — 7 C~h:
Peak Power Out lu t I 

- 

-

~~ t JID’ owt ~r t p u t  200 ~f t  1 i: 1 t n t -
~ 

_~(~1 -

( a i n  20 dO
L . .~thodt ~o1 t 311t ’ t~ ,

Input Impedance 50 oP~ns

In prev ious pruqra~ns f o r  k’ I)CO~1 , opera t I r ig  / f  — hand C F A s  have bt -u t ? 1

ha It w h i c h  hav e demonst rated t he at  t e~ t i ve nes ’-u of  the shaped substrate

pp~ nc i p ie , irs ~s It h a s 1 r ’ ~u Ia t e d shaped suhst ra t i -u [ 1 J  and then w i t h  a

I a’~e r -c u t  shaped - subst ra te  [ 2 ) .  Performance was colliparabl e w i t h  i--u t a nda 12

F / F — hand CIA’ s . T 1’ ‘ t s a I Id — hand  Co 1 d— I I -u S t i--u rlode 1 s w e l o  a 1 so tirade in

contempIa~ ion at the I 2- hand opa rat  ing Id 4 5  to hr huil t as part  of the

~ et fort .  It was necessar y to  deve lop appro~ri .1 te new technology

• • t  t inq the shape d s u b s t r a t e  from Lle ,-\ l i l a  ~Be0) cerait l ic . metal I i:ing

• and bonding i t  t o t he co —e xpa l i s  I ye ground plane .

i n~j the co urs e of the present ca nt i— a c t • an i n i t i a l  design for an

2 -band mode l was determined , based on larqe-s iq na l  ca lcu la t io ns .  it

was c l e a r  from c o l d - t e s t  r e s u l t s  tha t  f urther I/J—band cold-test efforts

I t s ’ requi red . -\ ne~ c o l d — t e s t  assembl y has been des iqned wh i ch  dupi i c a t e s

to i- i r id  x I mum pass i hi e ex t e n t  , inc 1 ud in q common ~‘a r t i--u the oper a t lii 11 C F A

desi gn.

[lJ Research and Develo~ iien t Techni cal Report No. I COM- 75- 1 ~-13- I • low -
C ost  ~r o s s e d — F i e 1d Anip l i fier . F 1 nal It- uchn I ca l  Report . prepared Nv Nor t  hrop
fo r  li _ S  Li ac t  ron i c (o’~na nd , dune 1077 .

[2 ] Resea rch and Development Techni cal  Report No. I CO M - TR— 7 7 -  2 h 4 2 — 2 .
1/ ,! — and C r a c s e d— F ie ld  Arn pli f i  er , Final Techn i cal Report . April 1079 . F

_0~~~0 c~~~~~r~~~ ‘Pg ____________ - ~~~~~~~~~~ 
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The E/F-band design was reviewed to take into account the required

greater gain in combination with lower peak power. It was concluded that

I a longer circuit is necessary .

I I-
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SI C T  !~~ II

N ITIAL STATU S

2 • 1 T oc r i r ro Io ~jy

A ‘j’
~~~~

- ; • t r - t  of t in  e f f o r t  on th~ nr -~- u v i o~- - an t  1 k  t [1 was the

i - i - i  s i r , O t  t h~ t1i s . s ” 5 ~t r y  t ec hno logy t i p  t a br i~ a t  i~ t o  laser-cut

-- uhi -r ped su !rstrr te s , and f O r - the assen rh lv  of t I e  s u b s t r a t e  w i t h  t o  ci)-

e~ pan si ye ground plane , and the r iear td t r c I  Or ui t - ho genera l ca nt , opt

1 -u S ‘ ‘ow n 1’ r F i u ri 1 - i t  wi-i -~ r i n d a be 1 1 1  05 sa r v to nit ’ t a lii e t he blank

ce rami c  coupon b e f o r ’ I a s e r — c u t t  int i . S in c e  t i r e  l as e r - (C0 2 ) w i l l  riot Cut

t h ro uO h ~opppr , the na t a l 1 i:eJ layer wa s e~cheJ in a iirt ’~ r rd~ t pat t o t - n  on

a ria s i d e ,  and laser - cu t t i r n~ w as per-formed w her -e the ‘ni’ta l 1 i.~inq was etched

,r~~i. . f oe r - e s u 1t i r r ~ ladder—sh a pe d s u t ’ s t r o t e ~-u are qu i te  f rag i le , e s p e c i a l l y

for l/ d-ha nd di ;rens ions . An additi o n a l problem encountered was the forma-

ion Ot  t i ny  g lobu l t s  of BeO w h e r e  the edge ~ f 1 l a s e r — c u t  s lot  fleets t he

edge of t 1i 5 - k- u t  a l l  i i no - Thes e gl 1Thu1 es prevent the substrate fn - or ’~ f i t  t i rig

clo sely to the ground p 1 m e  and t o  the add ed—o n meander. It w as n e c e s s i t y

to remove t he ’  by hand .

Some prel irni nary e\pe r iments s howed t h a t  it may he possible to I aser - -

u t ~ the sob s t r  t o a f t  r i ’ i i s Non led to t he ground p1 ane , at least i n  I / 2 —

hand. h is  would a l l e v i a t e  t In, t r ig i  ii t o r-oblen . it woul d a lso i-u 1 i rn inate

the problem due to the ce ra r ic g lobules a t  the int e r- face between the sub-

st r -a t a and r J ro und p1 ane - It  the meander - —s ha red me ta 11 1 z I nq 1 S th ick  enough

that an add -on meander str i p is riot requn I I 1 , the olo hu les are of no con-

s~~itJence if they ar e s i ra  11 er than th e  t F r ckness at  the metal 1 1: m g  . -4 1 t a r - —

na t i ve l y ,  t he  problem of q iahu les  mi t li ’ he c o r r e c t e d  by mcdi t i c a t i o n  of the

l a s e r — c u t t i n g  procedure : feed ra te , e ns - u r n , per pul so , pulse durat ion , e t c  -

4

_ _ _ _  
_ _  _ _
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H r - l i n t  s i t  the - u u b s t r a t v  t n  ih~ L O - t ~~~diiS~~. n- qr o w t  p l~~n nt has Len nr - - n t i S -

~ i-~~~~
• , pr . I - ten  tha t t O e con p O s i t h - r r  t ine i-i tO -u n p l a i n t  m a t -  í a 1  is i

ton i - i s ’  ~ - ‘  , 32 (T irppt -r H ‘ lu - -

2.2 I F — h a n d  IF A s

Two L F- b u r n t C i A ’ s w i t  in l n i c r r ’ - s ha ped sLb str a~~- s fl ovO b r o r  Hil t  a in d

‘- - s ted . li, inst  s h o w - - :  c r - i ’ -  power , o t t  lC ie nt v , and b a ndw i dt h Luun l Irat e

w i  ‘h a CIA ‘ c o i r v e n t i r a l  d es i n i r i , ‘, ~ n r ’ c s  r-~ - c 1 9 .  The se~ ond w i- I S •q par - -

-u ’ r n t l ~ I r - - i t e d  i i -  pe a-  powe r - o i - t~s i - t  H hI art, ing, w h ic f n  cou ld tie c i rcu i t  to

round 0n in the input or o utput co n ne c t  air s. s uc h a r - c ing was ob se rved  trot

~r n1 v when t oe  ubs- w i- is op e rt ,mt i  nr ~ , but a lso r- , Fre ’ i O F t ower w a s terF in from an

e \ t e r n  ii s o r r ’ t ,e .  To de te ru i r n ,  t i e  ca se ut arc inn it wi l l be necessary to

d i s a s s e b le  the t i - b  ‘ o p e\j I r i nlcr t i r n .

2 . 3  I / J — B a n i l  C o l d — i e s t  t - t n r dt ’ l s

T ir e  two I/U—band c o l d — t i - s t  models we t - c sca Fe d i ron th e E R A D C OM E/F— ba nd

des ign , us i rig a scale no ton o f  -~ 17 w i t  respe t t in bar ’ w i d t h  so t ha t  t he

expect  e l  t n e n r u e n  y cor ’r -es p ondi rig to  90 0 phase khi f t  per bar- wi- i s ab out 14 GH:.

The p i ts h was fur ther  no- i F t i e d  so hat the dcl ày r a t i o  would be about 12 at

th is  t requ e n i i  y ,  a v i i ut ’ C O nS ider ed à pt r ’ ln I ’ id t e  for - o 1nor it i , r nn at a cathode

vo l ta -ne  n t  8 - - Us inq th o se  sca l e  facto r-s . p i tch  wa s 0.018 arid to main-

tain the S IFIs p i t  n — t o — t r n i c k n e ss ra t io  th e I rn ic kness should be about 0 .00t~’ .

The t i nst co li - I t es t  no te I wa s t rad e w i th  an  unme t a 11 i co n substrate

0 . 010 th ick .  ‘re s n i bs t ra  to  was er r en  ted t n  a round p1 m e  , and  a ph o t o—

et ~ n - u t  meander - c i r~cu i t  was o u r - u n  ed to the top. dr - ea ter  di spersio n than

des i red was obse rved , as e\ pe ted n ou n the greti b r ’  substrate thickness.

Losse~ . nf l  t r n- u bas i s  o f  dB per del ay -i w r v e l  eng th , wer e approximatel y as

f-i-

- .-- — 
- - —  ~~~~~~~~~~~~~~~~~ 
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expected on the basis of surface resistivity increasing as the square root

of frequency .

The second col d-test model was made with a metal lized substrate 0.006”

thick , which was bonded to a co-expansive ground plane , and a photo-etche d

menader was then bonded to the substrate. Losses were much greater , and

the delay ratio was much greater. The reasons for these differences from

the first I/J-band cold-test model and from the E/F-band circuits were

not clear. These anomalies must be resolved before building operating

I/J-band CFA ’s.

~
i
1

7
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S LCT In I t ,  Ill

F / F ~j\~ J r I t h u S

The ob jec t ive  spec i  f i t ,  ation ’ f o r  the  t - - ‘ I  - t i n t  ~‘h a - ut -sI a r ray  rppl ica t i on

require more gain than ‘or the t -u le t ra in ic  i-~~ t ,i rt-u i - i l i c a t  i n ’ r r , and i - i t 1 ower

peak power and the retci - ,’ lowe r - t ie t r ni con - ’ r ’ t  . Li-os bi -a r ni  inns ’ n i t  1 ( ‘an t ’  t rr

lower gain. On t rre other  h i r n t , t in- HO d  a r - - i- sF’ s n  i t i c a t  n o n  r r- uqui in’s less

bandwidth and the band ~:en t r - u r ns -d ’ove I ‘ - - ‘ i - -u ‘ i t  - n - of  ‘ -u a l t ’s ‘- nini c wi-u t i- nra

band. Since gain is g reater at hi ih~-r r r ’ n p i - - - n r ,  r e - - , t i - u  I r , ’ l u , r r r  ra nge f o r

phased ar - r a y  is more fa’.’oaa h le in t in is r e i n ’ -

Measurements c on —es p o nd i r r y  t n  th e t na ’ i- l  ,n ra s- reqni r - ‘ i- t n t  wer e  rrn a , li’

on the f i rst  ladder subst r a t e  CIA bu i lt  during t h - u  ~revi ous progr -am f o r

ERADCOM [2]. Optimum e f f i c i e n c y  I nrr  t Ire 2 LW power  l eve l  w i - -u found at a

1 ower magneti c f ie ld s e t t i n g  thin befo re , and a i - o r  r o o j n o n d  i rig 1 v lower va l u - u

of cathode— to— ground vol t o  qe . Med sur e r - un -n i t s were made t ronu 3 .0 t o  3 .6 GIl:

at 0. 2 GHz interva l -u , i - i n d  ~~~ Fr RI tir i y e ‘awt ’ r - va r i t ’d tr a in  5 to 60 W - T he

resul ts are show n iii Ii gura 2 . 1 nir t iii 1 so t  ri- i-m t. i on , RI dr ive power of 40 W

or more is needed. Therefore i- rn im r e i - rs r ’  of small — s i  npr al gain of 6 dB or

more is desirable.

Sanill —si gnal ca lcu lat ions show that  at least n addi t ional  c i r cu i t  bars

are needed. Uris is t he ‘je t - a t  r - u s t  inn i-e i-;e o f  length ~,nrso ib le w i t hou t .  m aj or-

revision of the exi  s t ing desi qn. Th or - i fa r -u the ex i s t i ng  F/F—h a nd design was

modif i ed accordingly.

Wi th  the i n n n  eas ed lenqt I n , I h~’r-e is Ui r- easi ’d d inrqe r of inst  ab i 1 i t ies

in the el i-ut: tron i c warfare mode , 1- uspet ía liv t oward the h igh—f  reqrien icv end

of the hand. I t has been to  uti l poss I File t n  a 11ev i i t e  t h  is prohi em by the

b-I

— — - ~~~~~~~~~~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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addi t ion of a t tenuat ion near t In t - u  input [ 3 ,4 ] .  xpe r l  ‘n~~- i r i s  - - u I r r nwr n  t ha t

there is very little loss of ga it) or i- u f  t c m - n o v  i f  t he  at tenu a t i on  is

properly located. S i nec  the added at fo rm at ion i- u, i ir t Fr i ‘- r n n a 11 — s i  qu a I ri- u -

gion , the optimum locat ion may be fo i : nnd  by smal l  s igna l  c a l c u l a t i o n s .

v-i

[3] G. Dohi er R. R. Moats * “I BCI A At. tenu r f r i - n  f or 1 rnr; i rov i- u nl S tab F l i t  v .
Technical  Report No. AFAL— TR— 77 —1 01 , (ou t  e r r  t No - I I ‘f ~ 15 — 70 —C— 1 O~8 ,
performed by Northrop for 11 .5 . Air  Force Av ion ic s  I n t n o r i t . o r y .

[4] G. Grosh a rt , I) . Mi ley , “Low Cost Coherent Radar Power Sou r-ce ” , Technical
Report No. AFAL -TR -79 - l 060 , Contract No. 336l5— - n - C - 11 4 ,’ , perforr ired by
Northrop for - U. s . An Force Avionics I ,rhoratory .
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SECTION IV

I/ J-BAND TUBES

4.1 Desi gn Calculations

Small -signal and large-signal design calculations for an lid-band

operating CFA have been made . The circuit designs assumed were based on

the cold-test data from the first I/J-band cold-test circuit made during

the previous lid-band development project for ERADCOM [2]. This ci rcuit

was not b razed , and the substrate was 0.010” thick as compa red with the

0.006” thickness considered desirable from the standpoint of dispe r ion.

Several values of pitch were selected for small-signal calculations , rang-

ing from 0.012” to 0.018’. Coupling impedance and dispersion (using phase

veloc i ty/group velocity as a measure) are assumed constant if the ratio of -

the gap between bars and the substrate thickness to the pitch is constant.

Attenuation per bar is assumed to be due only to resistive losses and

therefore is assumed to be inversely proportional to pitch.

There is a design trade-off between pitch and efficiency , with beanm

stability and power density to be dissipated on the circuit as considera-

tions . Greater pitch has the advantage of l ower attenuation per delayed

wavelen gth , but requires a higher voltage beam. Beam current then w ill be

less for a given power level , and gain per delayed wavelength w ill he less.

To increase circuit efficiency , the ratio of rate of ga i n per unit length

to attenuation per unit len gth must be increased. It has been shown [5]

that on this basis , circuit efficiency increases indefinitely as pitch

tS] R .J. Espinosa , R.R. Moats “Broad-Band Injected-Beam Crossed-Field
Ampli f iers ” , IEEE Transactions on Electron Devices, Vol . ED-24 ,
pp 13-21 , Jan. 1977.
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is decreased. The limitations are :

(1) Beam instability , which can occur if beam impedance is too low .

(2) Heat dissipation density of the circuit , wh ich increases as

gain per unit leng th i ncreases .

(3) Cathode loading, which must be greater for smaller pitch.

A series of small-signa l calculations was performed based on the

work of Goul d [6] with values of pitch from 0.012” to 0.018”. From these

results , values of p itch of 0.014 ” and 0.016” were selected for large-

signal calculations.

A ser i es of large s i gnal calculations was performed , us ing the corn-

puter code developed by Cooke , Dohler , and Shaw [7]. For the two values of

pitch selected , l ine-sole spacing and B/Bcr (where B is applied magnetic

field , Bcr is crit ical magnetic field*) were varied , subjec t to the con-

straint that B > Bc . The conditions for large-signal calculations are

listed in Table I.

* Bcr = VLS /2/n VLc/d , where V LS is sole-to-line voltage, VLC Is
cathode to line vol tage , n is the magnitude of charge-to-mass ratio
of an electro n, and d is sole-to-line spacing . If ~~ is given and
equals electron velocity , then B/Bc,- = / ii V~~/2 Vph

[6] R.W . Gould , “Space-charge effects in beam-type magnetrons, ” J. Appl .
Phys., vol . 28 , pp. 599-605, May 1957.

[7] M .L. Cooke, G. Dohler , and E .K. Shaw , “Crossed field amplifier (CFA)
cha racterization and theory,” Technical Report AFAL-TR-73-343, Air
Force Avionics Laboratory , Wright-Patterson Air Force Base , Ohio ,
November , 1973 . See also M.L. Cooke, E.K. Shaw , L. I . Yarr ing ton ,
“The crossed-field amplifier , computational and experimental results ,”
Technical Digest , International Electron Dev ices Meeting , IEEE , 1973 .

12 
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t o u p l i n g  impedance and delay ratios (c/vph ) were estimated for substrate

thickness of 0.006 . The coupling i mpedance and dispersion are slightly

higher for 0.014” pitch because the substrate thickness is greater in pro-

portion to pitch.

The input data are listed and results plotted in groups of three runs.

Each group represents one set of operating parameters at each of three

frequencies , w ith the sole voltage adjusted for synchronism at each frequency.

The first two groups , runs 1-3 and 4-6, use assumptions corresponding to

pitch of 0.016’ and 8/8cr of just over 1.0 for the l owest frequency. Runs

1- 3 have smaller sole— line spacing and correspondingly greater magnetic

field than runs 4-6. The remaining runs correspond to pitch of 0.014” .

Runs 7-9 and 10-12 all represent conditions for which B/Bcr i s jus t over

1 .0 for the lowest frequency ; runs 7-9 have smaller sole-line spacing and

greater magnetic field than 10-12. Runs 13-15 and 16-18 represent conditions

for which B/Br is signific antl y greater than LO and runs 13-15 represent

smaller l ine-sole spacing and greater magnetic field than 16-18.

Results of the calculat ions, showing power on the circuit as a function —

of distance from RF input , are shown in Figure s 3 through 8. Each figure

shows results for one group of three runs. In each figure then it is neces-

sary to selec t a circuit length which is an optimum compromise. At low

frequenc i es , gain -is low ; at high frequencies , elec trons are intercepted

quickly by the circuit and the power is then attenuated by the circuit .

In exam ining the calculated results , in all cases it is clear that

smaller sole-to-line spacing is desirable. When Od is greater than 5.5 for

17 GHz , the rate of gain is too low , and is especiall y low i n runs 6 and 18.
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Therefore all of the groups of runs with greater sole-line spacin g, i.e.,

4-6, 10-12 , and 15-18 are undesirable. The groups of runs wi th B/Bcr
signif icantly more than 1.0 at the l owest frequency , i.e., 13-15 and 16-18 ,

show poorer results than other runs wi th the same circuit.

Th i s leaves us with two sets of runs to cons id er i n more deta i l. Runs

7-9 (pitch = 0.014”) indicate an optimum compromise in circuit length of

about 1.65 inches (118 pitches) with power levels of 1100-1400 W . Runs 1-3

(pitch = 0.016”) indicate an optimum compromise at a lerlgth of about 2.8

inches (175 pitches). Noting the improvement from run no. 6 to run no. 3,

some further improvement in the 0.016” p itch desi gn mig ht well come from

further decreasing the sole-to-line distance. Otherwise, the desiry ad-

~~r-tage appears to lie with runs 7_g with 0.014u pitch.

In actual experience with injected beam CFA ’s, operating performance

shows more gain and less efficiency than calculations made by this method .

The di fference has been attributed to the fact that the beam is somewhat

cycloidal instead of rectilinear. Some of the calculat ions reported by

Cooke , Dohler , and Shaw [7] incorporated a arbitrary amount of cycloid ing,

and much better agreement between calculations and actual performance

was achieve d

Additional calculations should incorporate cycloidal electron paths ,

and also decreased line-sole spacing for 0.016” pitch.

Based on runs 7-9, an init ial I/J band tube design has been made, in-

cluding detailed parts. For this design , extensive usage of existing CFA

parts was incorporated into the design.
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-1 .2 1 ~J Band C i r c u i t

In ii rev i cius work di ct - u ’. ted t owa r-d t ~~- uç~ o h j  ~s Ii vt’ s [2 1 , some anoma lies

were obse rved in t he st ’ ond l/ d—hand c o l d —  t e s t  c i  rcu i t  which wa s bu i lt

and t~ -,ted - The de lay r d t i o  was much g r e a t e r -  than had been p r - el i cted ,

and the at tenuation w,i s a ls o  muc h q r-eater  than e \p ec te d  on the basis of

sca ii nq laws and from r- es u l t s of the f - i rs  t I Id—h and cold— t t -us t model - Some

of the va l ues of at tenuat ion which were measured would be unaccept ab l y

hi gh in any operating CFA. This c o l d - t e s t  model di f fered from the f i rst

one in that the subs t i - i t o  was meta l l ize d and the assenibly was brazed . An

add it ional difference was t hat the substrate was 0.006” thick , as com p- uir-ed

wi th 0.010” thic k for the unhrazed model .

Possible reasons for those di f ferenct ’s not eas i l y  accounted for by

the d i f fe r -o nce in substrate thickn ess include :

1) Assembly imper fec t  ions: An addi t ional et cli i no s tep  , i t t  or br - ,i:inq

was requi red bec ause of an assembl y error.

(2) 1 xcess losses at  the cera mic— niet a 1 interface .

(3) 1 r ro r-u-, in measurem ent, for r- u~ ,iiiip1e due to  o \c t ’ ss  radiat ion observed

beca use of poor t rans i  t ion from the input coax ia l  I nit’ to t hO

meander c i rcu i t .

A poss ib le  cause of increased los s es  at  the i n t e r f a c e  is the t h i c k n e s s  of

the mol yhdenum barr-i er layer. Consider in g a copper c i rcu i t  wi th a m o  lybdenunt

j r f i  ce layer,  it i s found that when t he no 1 ybdenum i s a subs tau t i a I f r- ac t ion

of a s k in  depth t h i ck  , the surface resist i vi t y  app r oach es that  ot mo lybdenum

r - .i t her th a n copp er- . Rel ative s u r - t a c e  re s i s t i v i t y  of such a surfa ce a - u-u a

f r in c t ion of t r eqt ien c y w i t  Ii me lyhdenum th Icknes s a ~ a pa r-anie t or i c shown in

F I gore ~ - The spu f t  or- net a l l  i .- i nq processes a t  Northrop have been reviewed

- 
-u 3

1.-
— -~

‘~ ~~~~~~~~~~~~~~~~~~~ -—-- -



-
~ 

“— 
— ------- - ---- --

~
--- ——-- - - -

~~~

4- - U- 4— U-C C c c C C L4- 0~~~~~:o  ~ 0 04-. 1.. 1~‘-) - - - ‘ ~~~U U ~.,

~: ~~~~~~~~~~ 3: 3: 3: 
—

t, c’_~~~~~c~~~ ~~ ,
~ C’.,

C c c’I-.-

iii,.- I ¶ t (—.-- =I I
L 1 1 ~~,9 1 — -

\
‘4 4
II I -I —~~~

4 1
1
1

- t

-‘S

I I  
‘I,I ,~ -~

\ \
~ ‘~~ 1)II ‘

~\\ \  \
‘ \ \ .— 

I1~~~41I

~~~~~~~

_____
-



recently. It was found that the rate of deposition of mo l ybdenum was about

1.7 times as great as had been supposed. This difference could have con-

tri buted to higher attenuation , but could not account for increases by as

much as 2 to 1 at some data points.

It was orig inally believed that useful data could be obtained without

careful attention to RF matching. Delay ratio can be measured from standing

waves observed with amplitude detection. Attenuation can be measured from

the Q’s of resonances . Coupling impedance can be measured from the perturba-

tion of resonance frequenc i es . However , excessive radiation is still a

suspected cause of anomalous test results .

The first step toward resolving these apparent problems is to repeat

the second cold-test experiment by making another similar structure with parts

which are ini,ediately availa ble. This will eliminate any possible adverse

effect due to the extra etching procedure , such as undercuttin g the copper

meander.

For further tests , a cold-test fixture has been designed in which the

circuit configuration is identical to the initial design for operating I/J-

band CFA ’ s, incl uding the input/output connections , the d imensions of the

circu it based on large-signal runs 7-9, and the method of construction . The 
-

construc tion of such assemblies for cold testing will make possible the

determination of the input/output design including suppression of radiation.

The thickness of the meander will be var ied from the minimum consisting of

the metallized layer only , up to at least 0.003” and a further variation will

include a 0.00311 th i ck meander with 0.001” overhan g on each side of the

ceram ic substrate cross-bars .
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4.3 I/J-Band Gun

The first set of I/J-hand gun design concepts was described in [2].

The design was modified to correspond to the beam parameters of large-

signal runs 7-9 (see Table I). After initial parts drawings were made,

equ ipotential lines were plotted by means of resistive paper , giving the

results shown in Figure 10 for the long Kino gun version. A requirement

for good beam quality is that the electric field should increase rnonotonical ly

along the electrode trajecte j. If this condition is met , and if there are

no abrupt changes in the field , some latitude in the shape of the electric
I

field is tolerable. In Figure 10 there is found some distortion of the

equi potential lines in the vicinity of the ‘nose ” -u f the focus electrode ,

where the equipont entia ls spread apart corresponding to a reduction of

elec tric field. A modifi cation of this gun design is shown in Figure 11 .

The principal difference is the thinner nose of the focus electrode . A

very signi ficant improvement in the shape of the equipotentials is observed .

The la tter design was adopted and parts are now being made . Design work for

a gridded version is in progress.

Testing of these guns for beam quality in Northrop ’s crossed-field

beam tester [8,9] is contemplated . It has been determined that the magnet

structure now present in the beam tester is capable of providing the necessary

4500 Gauss over the required gap l ength.

[8] 0. Doehler , G. Dohier. “IBCFA Gun Design by Quantitative Beam Analysis ,”
Report No. AFAL-TR-78-7, Contract No . F3361 5-75-C-1033 , Air Force
Avionics Laboratory .

[9] Contract No. F33615—-78—-C—1435 , Air Force Avionics Laboratory .
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4. 4 Input/Output Coaxial Window

Reflection measurements on coaxial window s of two existing designs have

been made. One , which is intended for an I/J—band TWT and is still in process

of development , showed a peak value of VSWR greater than 4:1 at 9 GHz and

generally high VSWR above 13 GHz. The other , which was desi gned for an

X-band CFA , showed VSWR of less than 1.25:1 up to about 14 GHz , above which

the VSWR increased abrupt ly.  Resul ts  are shown in Figure 12. The sharp 
-

-

increase in VSWR above 14 GHz is attributed to the TM 
- mode , for which the

cut-off frequency is calculated to be 14.5 GHz . -

The la tter design should be amenable to scaling so that the sharp -
.

increase i n VSWR falls above 17 GI-lz . Since th i s w i ndow was designe d to 
L

be ca pable of 20 kW peak power output and has so far been tested above

7 kW , the slightly smaller wtndow (from scal ing) should give no trouble at

1 kW peak .
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SECT IO N V

[HNOLOG ~

Two o\pt ’ r - l It-H t - - wore per fo rmed to dot~~r - i - i  ru t he of fec  t i v enos s ot bond-

ing cot - a  ic and c oppe r - to t h e  cOp pe r- tun gsten composite ma ton al which is

used for the co-exi ’ans i ye ground plant ’ - Since the hondir q of the erami c

IS a c com pl ish ed by copper—to— c o ppe r - di fusion at  high t el l  i t - i - a t  u r -o a n d  hi gh

pressure , it i s  ne - u. essary tha t  a copper layer be Ut- po s i  t ed  on t he ~u r f i o

o f t~~ o pos I t o , and thd t this layer be thick enou gh to y ie l d  un’.ler p r o s  -

sure s u f f i c i e n t l y  t o  make a good bond, and to  su pp i-os s the of t ec t of the

s u r fa ’ . e  i r regu la r i t ies  i ’ t  the omp o-u-- u ite n~ t t r ia l  . It is suspected that

previous bonds which hay , ’ been made were not s u f f i c i e n t ly  strong. ~or th e

tests reported here , th e  copper l ay e r  was deposited by s putter - ing to a de pth

of a bo ut 1 1 rn (0.0004”) - lii the past the depth has been of the o r-den of

0.0001 -u’ or less.

Fe ’ - the it ’r-d mfli C bondin g experiment , a ceramic coupon 0.01 7” thick

(the t~1 1c~ n - ~- - used for [IF-b and) was sputter meta llized according t o  t h ~

L a t  tern whi ch has hoer general 1~ used at North r- ’.’p for - 1/ F-band and G H-

band ~~A ’ s:

Titanium: 800 A

‘ l i  vbd eriu : ~~0O A
0

C t-u i- : 60000 A
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The o ipu rl was cut into 0.5” squares , and two of them were bonded to

pieces of copper-tun gsten comp os i te  which were copper coated as descrit tu

above. A t t he  same t ime , copper pull-t e st rods 3/8” in diameter w i th

w a t t l e - i r o n  faces were brazed to each face of the sandwich of the ceramic

and comp osi te . Pull tests of the two assemblies were performed wi th the

following results:

(1) 210 lbs. , 8235 psi

(2) 212 lhs , 8313 psi

The t- t t - -c tive area, 0.0255” , is the area of the waffle i ron face of

the pull t o - - u t  rods. Failure in each case occurred on the s i de w here the

pull -test rod was bonded to the ceramic , thus indicating the strength of

t he ora :ic-to ~ co~ p or bond. The oramic-to -composi te bond , where ther -o

was no indication I - u t failure , was subjected 4o an aver age stress of only

a h o i t  -~O ps i . ft, 1o~alized stress may have been substantially greaten

because the ceramic thjc~~~t’sS (0.017”) was small compared with the size

- ‘t the w i t  t i e — i  con - - c  - , - r m ts (0. t~)~~’5’~ square ) .

A s imi la r pull t e st ha - - app lied to a piece of the composite ma te r ia l

onl y. Using s i m i la r - pu l l—tes t  rods, fai lure occurred at 332 lbs . or ~3,OOO

psi. A p iece of composite was copper plated instead of copper sputtered ,

and a peel test showed that the adhesion of the p la ting was much poorer

than the sputtered copper . It must he concluded that if topper p la t ing

is to be considered as a cost reduction measure , a majo ’- improvement in t he

process is needed.

To gain additional information as to the soundness ~ t the ce r - a -- ic-to-

co m posite bonding, a thermal test f ixture is under const ruct ior . This
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f i x t L 4 r -e ~i 11 jke it poss ibl e to test the asset tl y of meander line, substra t~ ,

an d ;~-ound plane se pa ra te  from the rest of t t i e tube assem h ]
~ - ~ho I ~tur

is a water -coo led pla t e w i t h  means for c lampin g the asse rnhl -v to  be t e s t - u c .

A curr ent of about 30 A (DC or 60 Hz) is passed through the meander to hea

it, and the temperature differ - on ce betw een the meander and the cold plate ,

or between the meander and the ground plane, is measured by ther mecouple.

From the appli ed power and the dimensions of the substrate, it is possible

to c - alate the eff ective h e a t  conductivity.
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SECTION VI

FURTH ER WORK TO BE PERFORMED

6.1 1/F-Band CFA’ s

The design of an ElF— band CFA suitable for both the electronic warfare

app l i ca t i on  and the phased array appl icat ion has been substantial ly completed.

The effort in the next reporting period wi ll be directed toward making parts

and beginning assembly. In addition , the pa ttern for add ing a section of

attenuation on the circuit near enough to the input to avoid serious degrada—

tion of efficiency will be established. Such added attenuation has been 
I 

-

demonstrated to improve stability quite si gnificantl y, and is consi dere d de-

sirable ~~~~c the new desi gn because the greater length will increase the

tendency toward spurious oscillations. The attenuation is applied by spot—

tering a thin layer of resistive ‘-ato n al onto the assembly of meander line ,

substra ’ , and ground pla ne.

6.2 1/3-Band CFA

The most irn portan ~ task to be accomplished for 1/3—band during the next

reporting period is the design of the meander circuit. The data assumed for

circuit ch a r ac t -u r i~ tics in the large signal calculation was based primaril y

on coi l test results derived f r-am the unbrazed 1/3-band cold test model for

wh ich the substrate thickness was 0.010” . The data for the first brazed

1/3-band cold-test model , in which the substrate thickness was 0.006” , were

somewha t suspect. Another similar model will be constructed using availabl e

parts. In addition , cold-test models with 0.014” pitch , and using various

configurations of meander , will be built and tested. Further large—signal

~~~ 1 _ 1 _ ~~.r
_ _  

~~~~~~~ — - -  — —  ~~~ Ii... ~~~~~~~~~~~
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An actual -s ize  model of the f i rst  design of electron gun is to be

built and tested in the crossed-field beam tester. This will require some

modif ication of the beam te s te r , as wel l as the construc Lion of the gun.

It-re first cold-test model of the coaxial window design will be un-

brazed and built with a bead made of synthetic dielectric instea d of

cerami c to allow quick modifications. From this we will proceed to coaxial

windows made of materials suitable for operating tubes.

‘4
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